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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a nitridinq steel excellent in machinability 
without normalizing treatment after hot forging and having superior bendability and 
fatigue characteristic after nitriding treatment by incorporating specific amounts 
of C, Si, Mn, Cr, and Fe, forming the structure after hot working into a structure 
composed essentially of f errite and pearlite, and regulating f errite area ratio, 
ferrite grain size number, and pearlite grain size to specific values, 
respectively. 

SOLUTION: This steel is a nitriding steel having a composition consisting of, by 
mass, 0.15-0.4% C, ^0.5% Si, 0.2-1.5% Mn, 0.05-0.5% Cr, and the balance essentially 
Fe. After treatment at high temp., this steel has a ferrite area ratio of ^30%, a 
ferrite grain size number of No. 5 or above, and a pearlite grain size of ^SOym, It 
is preferable that either or both of ^0.5% Ni and ^0.5% Mo are incorporated. 
Further, it is preferable to incorporate one or more kinds among 0.005-0.03% N, ^ 
0.3% V, ^0.3% Nb, ^0.2% Ti, ^0.1% Zr, and ^0.2% Ta. Moreover, 0.01-0.3% S is 
preferably contained. 

COPYRIGHT: (C)1997,JPO 

Previous Doc Next Doc Go to Doc# 



http://jupiter2:9000/bin/cgi-bin/accum_query.pl?MODE=%20%20%20%20Display%20%^ 2/13/07 



osyammfff (j p) & H # |^ & # (a) UDmrnmsSimt^ 

#11^9-291339 

(43)^B ¥l£9^(1987)Il^lIB 



(SDinta* mm^ ftPimam pi mm^km 

C22C 38/00 301 C22C 38/00 3 0 1N 

38/22 38/22 
38/44 38/44 
38/50 38/50 
38/60 38/60 



mourns 


1WPF8-135632 


(ZDtUBA 


000003713 












¥dK8^(19g$)4^23B < 




S»ili«i!rBitrfEUI-Tgll«18<l 
















a»)R^|iEa*sw 5 tr B2i7«ffl© i 






(72)?S9m 


mt am 



























(54) Bm(04s,m sftM 



(57) imm am^) 

I»^#aJ C, Si. Mn, Cr. Ni. Mo. N. 
V, Nb, Ti, Zr, Ta. S. Pb. Ca. Bit> 



(2; 

1 

immi ] ^^jiM<^^mM%T. c : 

0. 1 5~0. 4 0%. Si : go. 5 0%. Mn : 
0. 20—1. 50%. Cr:0. 05~0. 50%. 

>f hiii8[*3&«3 0%«±A*O7x7>f h©iE»^5# 

[if*«21 $^>tC. ««%-C. Ni : ^0. 5 0 10 
%, Mo: go. 50%<0a*>, lS*fc«2a^-tW 

[I9««3] $^>(C,Bi%-e, N:0. 00 5- 
0. 030%. V : go. 3%. Nb : gO. 3%. T 
i : go. 2%. Zr : go. 1%. Ta : gQ. 2% 

[19*3143 ^^a. «*%'C. S : 0. 0 1~ 

0. 3 0%5:#*^i,ifci#ait-rs, it^i. 
[it^asi $^>t:. mmxT. Pb : go. 3 

%, Ca : go. 0 5%. Bi : gO. 2%, Te : g 
0. 0 5%<^d1i>imttiii2mjLki:iS^hZti: 

3. it:im3m4izssm<om{m. 

[000 11 
[00021 

[00031 ±Mii.mzt5\,^xmk^tihm&^ t^m 



!^S¥9-2 91339 

2 

j^M^7x7^ h • hmnzamLmmtt: 
mtix\^i. 

[00041 m^mm&\i'^<7>miz^^x^ 
mm0iimsm)m^i>t:mz. i^^jmzimn 

izmimmi^m^ti&tmimc^m^ii^L. sjbTko 

[00051 U»L3S^-C<4. ijjgrjx h<7)ffi«^x 

*;i^^-^(?>iii^>'^>, m^(^L9m<DmiLimitix 

[00061 

[iiTOsjKaitipti-siijSj zztz. ^fm7>m 

[00071 

@^)l?^i-^<S^«iltSr»a;^j^. C. Mn. Cr 

■^«s-aDEfl:LTaasBee?feaat7x5>f hwm 
msa^-^xm^ t:imth:ib izx ■oxmmi:^{t^ 

■t. 7x9^ Miffll^^iilDS-li-. 7x7 

^ hat^^-^^f ha5&ffi*ailllHtf-S::i:fc:J:->T% 

[ 0 0 0 8 1 c: Cifc:. *IMB{4. ^^^<o^^i*A*® 
m%X. C : 0. 1 5~0. 4 0%. S i : gO. 5 0 
%. Mn : 0. 20~1. 5.0%, Cr : 0. 0 5~ 

0. 5o%.msiFei5xrps^mm»i)'(>^j:'o.m 

7x5'f Miai**»3 0%m±j6*O7x9-f 

esw5#ja±<oiSLrci5o. h<?^ 

%^t^5 0/iintJ,T-e*S^tSr!|fat-t6 

1) . $A>t:. aJI%T. Ni : gO. 50%. Mo : 

go. 5 0%<r>imtf::ii2miis^^-thZbi>xt& 

(mm2) . $^>t. nM%x\ n : o. oo5~ 

0. 030%. V: go. 3%. Nb : gO. 3%. T 



(3 

3 

i : ^0. 2%. Zr : go. 1%. Ta : ^0. 2% 

^3) . $<c>t. na%V. S : 0. 01~0. 30 

a%T% Pb : go. 3%, Ca : go. 05%, B 
i : go. 2%, Te : go. 0 5%c0 3*.ia^ytl4 

(00091 

[OOlO] C : 0. 1 5~0. 40% 

fco. m^mmm&f:imtht:ib{zm. 1 5% 

I3±i:^^t<i^mi. Li-L. 0. 4 0%$:MU 

f:mit^^hti»btz. cif*fi<o±j»io. 4 0%jcK 20 

[00 1 1] S i : SO. 50% 

s i im'^comt:is^&t:tb<nmmb Lxm\^(> 
tii,ifi. 0. 5o%i:mixmi^tihbm^mm> 
m^mmim.Lmm.(mTm<tii^iz. s i it^ 

fi<^±R$-0. 5 0%{cR^L3t. 
[0012]Mn:0. 20~1. 50% 

SJt«>OMn-^W*<0«HttO. 2 0~1. 50%-C*> 

s.^^rM*«o. 2o%5RSiT{4, «»ssa*it«-rs 

ifc. 1. 5 0%^|8i.T^^$*I 
mz^lfttiitbtz. Mn*W««±IR*l. 5 0%t: 
[00 13] Cr : 0. 05~0. 50% 

a^>fcj±. ^j'^^< fc 1 0 . 0 5 %ja±ts^*^-rsi^*»* 

*>S. L*»L. 0. 5 0%^mx.xmHzCrt^^^ 

iihkmim^ii&T^'\th:itizMtx. msmjM 

»<7)±|iR^0. 5 0%t:i®SL/::. 
[00 143 ^x^'fhfflW*. 7x7>f MiS. tJJ: 
l^, ^'C-^'f b¥%ta: ^x^'f hii!«*i:7x7>f 

hes. fcitX. >'"!-7^ b^%tffi<i*^fc:te(-^T 



!|$IB¥9-2 91339 

4 

^ (N) 3&9iAtW^^i:*«tt^>nTV^S. Z<7)t: 

itarnvtii^izii. mmmizj^txmitmm^^ 

:»3*m*LSiJfi*i4t^<:5rSri:fc^-&;t«>. 7x 
[0015] *IKH^i?,*«paifc«!ltL^IS*. 7x7 

>f hUb^^-y^ h^ii'mirmb'm.it'm^mim 

ttaiS|±-tS*«. HfflXSfcfcV^TllllfflSEcDISTti! 

< fc 5#ja±co©jsfc-rs i t ifiimx'h 5 ^ t ^.a 
tBLJt. 7x7'f hn(r>;ff-t:mm,Lx{>:m<D 
^^-^-f hUim^ibmmmmrL. aufiftt 

S:*tl#-rS:t*tl4^N-7>f h¥i^^S-5 0/immT 

fc. 7x5-< b^^*<3 0%^TI»ISi:7x9'f h«[ 
mmtl)^Wmb^j:i>t:ib. C. Mn. Cr^«^Ji 
jE{bLt7x7-f hlil®**^^^c<i:fc30%^««^ 
t:Lbti'mxhtZbi>^M.tii^ixf:i, 
[00 161 Ni. Mo{4»W«3iS-»tti&M:S« 

ibiZ^ ^tl^ti. Ni : go. 5 0%. Mo : gO. 5 
0%<^l«ifcJ±2«*aaiii1-&. 5rtJ, JttliJfc:**? 

[00 171V, Nb, Ti, Zr. TaJi^-fmtg 

^t!B)*<»f as tmnmvL'^njmirm-thmki:^ 
hbbhtz. mi^m^t^'yiitmmz^^'^xhmB^n 

tmir^-t^nbizX'oxyj^'y^ h^$-ffiJi?-fr 

X'^x±M<^mibtfi^ t^izim^tiiii-^if^h, 

i: mifimffMTim^b . 
[0018] S. Pb. Ca. Bi. Teiim<mm 

^ti^^izam-t^tiiiblzma^tii,. tf::, ^ytmii 
mim. B!-fbfe^fc'?r^L7x7>f hS®S-(SJiL7 

bwrnmi-^imLKisr^-^t, 

[00191 

[^Wl *l6Wt:J:5««f:lt«8B<0ft^«*«-«ra 
^tCbV-/ hSPg^gTttg5 0mm<0A»tC|»Sffig 



(4) 



!^^9-2 91339 



[00201 msismmmmimm^ttiibtz. fog 

mii:m 3 OOmmizmt. 120 0X:(ClnEl!ifil» 

[0021] mim(omwmmmmm9fm». 
a^i^mmminzx -oxmimB i o m m(o^xt 
[0022] mifwmsj^mifwmtzi o . tiiti«< 

^^$iTJtiB}*»A>iIgl Omm. 1 5 OmmO 

•C3. 5tmmmxiist{mmmtt:, a* 



* tflfiiUi 3 iSLlBHf ST* 0 , 1 0 0 mm i: LT 

^'i'm^nm^x.. mtii}^m.-ti>tx'<mk& 
rniiy^ "^tvy-i^x-m^Lti. 
[0023] mmtmsm^'mmz^i^tMm 
mm^^x. Jis G 0 5 63tciH»uc®$a 

^fcioTSfliLTt. ^.I-CJi, ffiK10;>&E>rtov^T 

[0024] mm!m^\z\t±mtm.Litm&3 o 

mmM-Lfz, mmtmi. m\m. : 2oomm/ 

m • 0. 2mm/rpm, m*)ji^: 2mmXf> 
&. I*»iSrl4«ilWl«ft*«0. 2mmi:^:&i-C<^ 

[0025] 
[^1] 





Ka 


C 


S 1 


Mn 


C r 








a IS 


D.2« 


1.45 


a 40 












2 


a33 


a 22 


ass 


a 09 












3 


a 35 


0.23 


a 49 


an 










m 


4 


0.39 


a 31 


a 47 


ao7 










S 


0.3S 


ao4 


1.23 


a44 


iio:an 


Ni:ai7 






ft 


a 31 


0.43 


a 2] 


ao9 


V:a08 


N:a 018 


Pb:a09 


S:a0S3 




7 


a 32 


0.25 


a 33 


an 


Zr:a02 


N:a014 


Te:a02 






8 


an 


0.25 


a 51 


a to 


Tl:a01 


Ti:a 03 








9 


0.30 


0.2S 


0.48 


ao8 


5:a028 


Pb:a09 


Ca:a009 








aa 


a 26 


a 79 


a 01 












n 


ass 


a 29 


a 51 


a 13 












13 


a3s 


a 27 


1. 51 


ass 












13 


a 35 


a 27 


ais 


1. 12 










m 


U 


0.12 


a2s 


ass 


a 22 












IB 


0.31 


a2s 


a 51 


a 21 


Y:a40 


Ti:a04 







(5) !^irF9-291339 
7 8 
[00261 * * im2] 





Ha 


(HB) 


(%) 




(urn) 


(mm) 


(MP a) 






1 


16 9 


48 


7. 4 


23 


0. 02 


345 


598 




t 


172 


46 


7. 2 


2 1 


0. 02 


3B5 


588 




3 


179 


38 


6. 4 


2 7 


0. 04 


358 


456 


m 


4 


182 


3 5 


6. 1 


24 


0. 03 




466 


5 


1 83 


4 4 


7. 2 


1 9 


0. 01 


40 3 


577 


m 


6 


18 4 


4 2 


6. 9 


28 


0. 02 


388 


50 5 




T 


17 9 


4 1 


6. 6 


29 


0. 03 


3 66 


498 




8 


17 9 


4 3 


7. 0 


2 2 


0, 02 


3 5 8 


5 1 5 




9 


177 


41 


7. 1 


38 


0. 04 


355 


533 




10 


18 9 


22 


4. 2 


78 


0. 1 1 


288 


203 




n 


238 


1 6 


3. I 


145 


0. 1 4 


398 


10 1 


it 


12 


194 


24 


4. 2 


77 


0. 08 


369 


188 


« 
m 


13 


18 8 


27 


4. 4 


69 


0. 1 1 


333 


194 


14 


167 


69 


5. 5 


6 6 . 


0. 0 9 


188 


3 35 




15 


225 


38 


5. 4 


7 1 


0. 08 


404 


78 



100271 



^ 5S [^31 



(6) 



!^^9-291339 



1 0 







m ^ 

(HB) 


(X) 




(^) 


m 
m 


i 


1 6 9 


48 


7. 4 


235 


2 


172 


46 


7. 2 . 


210 


3 


179 


38 


6. 4 


183 


4 


182 


35 


6. 1 


1 S6 


6 


183 


44 


7. 2 


178 


6 


184 


42 


6. 9 


282 


7 


179 


4 1 


6. 6 


256 


8 


179 


43 


7- 0 


241 


9 


17 7 


4 1 


7. 1 


325 




10 


189 


22 


4. 2 


109 




11 


2 3^ 


1 6 


3. 1 


78 




12 


194 


24 


4. 2 


98 


m - 


13 


188 


27 


4. 4 


136 




M 


167 


6 9 


5. 5 


156 




15 


225 


38 


5. 4 


76 



[0 0 28m2(c|B>^iBi€^$. 7x^-<MiMt x 
>t. JtlMHNo. 10«J I S S45CT*S.ai 

1. 12, IBOidfc:. C, Mn, CritW*^*^ 

:MitfiTi-S t fc t, 7 x 7^ haS3l^4/hS < 

[00291 ^^tt^^s t . ^mfomM^<^>$m 



o. 1 i«±ot:7x7'f h»<^ffl*Srt><0l4»<K«S 

(^>IIM3!>»*0. 14inmtm*;LTI-^&. ^<7)J:3t:, 
7x^>fMiS«*. 7x5^h^i}J:t^yt-7<b^ 
ffi^JfiEfl:i-6 ^ i: fc J: -:>T3c^ titSfl:l*«^4»<l& 

10 03 0] m{\:xmwr>mm^iM.i>t . yx.y^ 

^I'^^tt^. ■t'Sri)^. 7x5^ h©g<?)t!W5rt><0. 

[0032] m3izmm<mmi^ski7Ptf:i, ^^-tti 
xhhi>K mmiys:^^ hmmmm<. a^. « 



( 

1 1 

[0033] 



) #m^9-291339 
1 2 



JP,p9-291339,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for emy 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Nitriding steel characterized by for the content of an alloy element consisting of the remainder 
Fe and an unescapable impurity by mass % C:0.15 - 0.40%, Si:<=0.50%, Mn:0.20-L50%, and Cr:0.05- 
0.50%, for the organization after hot working being a parenchyma top ferrite pearlite organization^ and 
for 30% or more and a ferrite grain size number being [ for the rates of ferrite area ] the grain size of 
more than No. 5, and the average dimension of a pearlite being 50 micrometers or less. 
[Claim 2] Fxirthermore, nitriding steel according to claim 1 characterized by containing two of one sort 
or nickel:<=0.50% and Mo:<=0.50% of sorts by mass %. 

[Claim 3] Furthermore, claim 1 characterized by containing two of one sort or N:0.005 - 0.030%, 
V:<=0.3%, Nb:<=0.3%, Ti:<=0.2%, Zr:<=0.1%, and Ta:<=0.2% of sorts or more by mass % or nitriding 
steel according to claim 2. 

[Claim 4] Furthermore, claim 1 characterized by containing S:0.01 - 0.30% by mass %, claim 2, or 
nitriding steel according to claim 3. 

[Claim 5] Furthermore, claim 1 characterized by containing two of one sort or Pb:<=0.3%, 
calcium:<=0.05%, Bi:<=0.2%, and Te:<=0.05% of sorts or more by mass %, claim 2, claim 3, or 
nitriding steel according to claim 4. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje?u=http%3A%2F%2Fwww4,ipdl.ncip... 2/16/07 



JP,09-291339,A [DETAILED DESCRIPTION] 
* NOTICES * 



Page 1 of 8 



JPO and INPIT are not responsible for cuiy 
damages caused by the use of this translation. 

I This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the nitriding steel which has the machinability which 
the outstanding fatigue property and the outstanding bending property were acquired, and was excellent 
in the condition of a hot-working as, without being concerned with the nitriding steel suitable for 
nitriding treatment, such as cyaniding, gas-soft-nitriding processing, and ion nitriding treatment, and 
heat-treating normalizing processing etc. after hot working in a components production process. 
[0002] 

[Description of the Prior Art] It is broadly used in order to improve abrasion resistance and a fatigue 
property as one of the bill-of-materials side approaches, and it gets down, and nitriding treatment, such 
as cyaniding and gas-soft-nitriding processing, is applied to machine parts, such as a gearing, shafts and 
a crankshaft, and a connecting rod, by the end of today. Conventionally, the rolling steel bar hot-rolled 
through the billet phase after the dissolution with the conventional method is used, and these machine 
parts get down from machine structural carbon steel or alloy steel, and are manufactured according to 
the hot-forging process -> normalizing down-stream-processing -> machining process -> nitriding 
treatment process -> bending correction (distortion picking) process -> finishing process. Generally, 
although it is known compared with carburization processing that the distortion yield after heat 
treatment is small, since it becomes easy to generate distortion in carrying out nitriding treatment of the 
long member, after nitriding treatment, bending correction is carried out and nitriding treatment is 
performing distortion removal. 

[0003] While the normalizing processing carried out in the above-mentioned process makes detailed the 
organization which made it big and rough with hot forging in addition to the purpose which is made to 
soften the member hardened with hot forging, and makes a latter machining process easy, it aims at 
making the bending correction nature which improves a heterogeneous organization in a homogeneous 
ferrite pearlite organization, and is performed after nitriding nature or nitriding treatment improve. 
[0004] Also in an organization, the difference in the hardness by the part turns into a heterogeneous 
organization large [ the components after hot forging ] after cool down ready, since the cooling rate after 
forging termination changes with the configurations. Here, when the normalizing processing after hot 
forging is omitted, the sharp fall of machinability occurs by making the rise of hardness, and the 
heterogeneity of an organization into the main factor. In addition, also in nitridmg treatment, when it is 
easy to produce the variation in a degree of hardness and nitriding treatment is performed to a 
heterogeneous organization, in order to change the thickness of a nitrated case and to make the fatigue 
property of components fall sharply, the normalize-heat-treatment process is made indispensable. 
Moreover, if the thickness of a nitrated case is changed, a bending property will fall remarkably, in the 
process of the bending correction after nitriding treatment, a crack will occur in the nitriding section, and 
components will be damaged. In addition, a diffusion layer is included with the nitrated case said here. 
[0005] However, in recent years, even if abolition of normalizing processing is desired and it omits the 
normalizing processing after hot forging from viewpoints, such as reduction of a manufacturing cost, 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/16/07 



.JP,Q9-291339,A [DETAILED DESCRIPTION] 



Page 2 of 8 



and energy saving, it has the outstanding machinability and nitriding nature and development of the 
ingredient which combined the good fatigue property and the bending property after nitriding treatment 
is desired. 
[0006] 

[Problem(s) to be Solved by the Invention] Here, it is the purpose of this invention to offer the steel 
materials which have the machinability which was excellent even if it omitted the normalizing 
processing after hot forging, and are excellent in the fatigue property and bending property after 
nitriding treatment. 
[0007] 

[Means for Solving the Problem] this invention persons make machinability improve by rationalizing C, 
Mn, and Cr content, carrying out the increment in the rate of ferrite area after hot-forging cooling, as a 
result of repeating examination variously that this problem should be solved, and reducing hardness. 
Moreover, it found out that a fatigue property and a bending property improved by obtaining a 
homogeneous nitrated case by making the rate of ferrite area increase, and making the ferrite section and 
the pearlite section detailed as much as possible. 

[0008] The content of this invention of an alloy element is mass % here. C:0.15 - 0.40%, Si:<=0.50%, 
Mn:0.20-1.50%, Cr:0.05-0.50%, It consists of the remainder Fe and an unescapable impurity, and the 
organization after hot working is a parenchyma top ferrite pearlite organization. It is characterized by for 
30% or more and a ferrite grain size number being [ for the rates of ferrite area ] the grain size of more 
than No. 5, and the average dimension of a pearlite being 50 micrometers or less (claim 1). Furthermore, 
one sort (nickel:<=0.50% and Mo:<=0.50%) or two sorts can also be contained by mass % (claim 2). 
Furthermore, two of one sort or N:0.005 - 0.030%, V:<=0.3%, Nb:<-0.3%, Ti:<=0.2%, Zr:<=0.1%, and 
Ta:<=0.2% of sorts or more can also be contained by mass % (claim 3). Furthermore, % can also be 
contained S:0.01 to 0.30% by mass % (claim 4). Furthermore, two of one sort or Pb:<=0.3%, 
calcium:<=0.05%, Bi:<=0.2%, and Te:<=0.05% of sorts or more can also be contained by mass % 
(claim 5). 
[0009] 

[Function] The reason which limited the steel presentation to below as mentioned above in this 
invention is explained. In addition, "%" is "mass %" as long as there is no notice in explaining in this 
specification. 

[0010] It is the most fiindamental element for C to obtain reinforcement required for a member C:0.15 to 
0.40%, and in order to maintain the reinforcement after nitriding treatment, it is necessary to contain 
0. 15% or more. However, if 0.40% is exceeded and contained, in order the hardness after hot forging 
will increase, and will reduce machinability, and the rate of ferrite area will decrease, and a ferrite grain 
will be enlarged and to degrade the bending property and fatigue property after nitrated case nitriding 
treatment, the upper limit of C content was limited to 0.40%. 

[001 1] Si: Although used as a deoxidizer for Si to reduce the oxygen in steel <=0.50%, if added 
exceeding 0.50%, in order to generate the increment in hardness after hot forgmg and to cause the fall of 
machinability, the upper limit of Si content was limited to 0.50%. 

[0012] Mn: It is the element which plays a role with important Mn in this invention 0.20 to 1 .50%, and it 
is an indispensable element, in order in addition to securing the reinforcement of steel materials to adjust 
the rate of ferrite area, and a ferrite grain size so that it may mention later. The range of Mn content for 
obtaining a proper ferrite area and grain size is 0.20 - 1.50%. Since a ferrite grain would be enlarged and 
the bending property at the time of nitriding treatment would deteriorate sharply if it is difficuh for a 
content to secure steel-materials reinforcement at less than 0.20% and it contains exceeding 1.50%, the 
upper limit of Mn content was limited to 1.50%. 

[0013] Cr: 0.05-0. 50%Cr generates a hard sludge at the time of nitriding treatment, and has the 
effectiveness of raising abrasion resistance and a fatigue property. In order to acquire this effectiveness, 
it is necessary to contain ** at least 0.05% or more. However, if Cr contains superfluously exceeding 
0.50%, in order in addition to reducing a bending property to cause the increment in hardness after hot 
working and to reduce machinability, the upper limit of Cr content was limited to 0.50%, 
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[0014] The rate of ferrite area, a ferrite grain size, and a pearlite average dimension: The rate of ferrite 
area, the ferrite grain size, and the pearHte average dimension were very important configurations in this 
invention, and in order to improve the fatigue property and bending property after nitriding treatment, 
they limited the numeric value. Generally, in nitriding treatment, as for the ferrite section, it is known 
that nitrogen (N) will tend to advance compared with the pearlite section. For this reason, when a ferrite 
grain and a pearlite grain carry out nitriding treatment of the organization which made it big and rough, 
since a nitrated case is formed according to an organization condition, a big difference will be produced 
in the hardening depth. Although such the high fatigue limit that a nitrated case is deep and hard is 
acquired from a viewpoint of a fatigue property, when a difference arises in the nitrated case depth, it 
will be easy to produce the variation in strong, and a fall on the strength will be produced. Moreover, in 
the case of bending correction, stress concentrates to the deep part of a nitrated case, and since it will be 
easy to produce a crack and it will become, it is necessary to make both ferrite grain and pearlite grain 
detailed as much as possible, and to make the hardening depth after nitriding treatment into 
homogeneity. 

[0015] As a result of this invention persons' inquiring in a detail, the bending property after nitriding 
treatment improved so that the ferrite section and the pearlite section were detailed, but in order not to 
produce a crack at the process of bending correction in a practical use process, it found out that it was 
required to make a ferrite grain size number into the grain size of more than No. 5 [ at least ]. Moreover, 
if the large-sized pearlite section exists even if it makes only a ferrite grain detailed, in order for a 
bending property to fall and to maintain a bending property, it was found out that it is required to specify 
a pearlite average dimension to 50 micrometers or less. Furthermore, since detailed-ization of a ferrite 
grain would become difficult if the rate of ferrite area is less than 30%, it was found out that it is 
required to rationalize C, Mn, and Cr content and for the rate of ferrite area to secure at least 30%. 
[0016] nickel and Mo are elements which make the reinforcement and the toughness of steel materials 
improve, and in order to improve a fatigue property and an impact property further, they add one sort 
(nickel:<=0,50% and Mo:<=0.50%) or two sorts, respectively. In addition, if contained superfluously, 
the hardness after hot forging will rise and machinability will be reduced. 

[0017] Since they have the effectiveness which is made to promote a ferrite transformation and makes a 
ferrite grain detailed by generating a detailed sludge also in the cooling phase after hot forging, V, Nb, 
Ti, Zr, and Ta can be added in the regular range, while they have the effectiveness of depositing a nitride 
and improving abrasion resistance and a fatigue property at the time of nitriding. Moreover, since the 
above-mentioned effectiveness is further promoted by making N contain, it contains. However, if any 
element is superfluously contained across the range, the fall of a bending property will become 
remarkable. 

[0018] S, Pb, calcium, Bi, and Te are added in order to improve the machinability of steel materials 
further. Moreover, since each element generates a sulfide, an oxide, etc., promotes a ferrite 
transformation and has effectiveness also in detailed-ization of a ferrite grain, it can be made to contain 
if needed. However, if added superfluously, hot- working nature will be reduced remarkably. 
[0019] 

[Example] A part for the chemical entity of the steel materials by this invention and comparison steel is 
shown in Table 1 . All of these steel materials are the steel materials which were ingoted with the 
conventional method and hot-rolled by the round bar with a diameter of 50mm through the billet phase 
after that. 

[0020] In order to evaluate the organization after hot forging, after cutting the rolling steel bar in die 
length of 300mm and carrying out heating maintenance at 1200 degrees C, cogging was carried out to 
the round bar with a diameter of 30mm. In the cross section of the center section of the longitudinal 
direction of this forging, an optical microscope and image-analysis equipment estimated the rate of 
ferrite area, ferrite grain size, and average pearlite dimension of the average from a front face to 1mm. 
Moreover, [0021] which measured the hardness of the surface section by the Brinell hardness tester The 
notched Specimen of a fatigue notch factor 2.2 estimated evaluation of a fatigue property according to 
the fatigue limit using an Ono style rotation bending fatigue tester. The test piece produced the notched 
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specimen with a trial section diameter of 10mm by machining from the steel materials by which hot 
forging was carried out, and performed gas-soft-nitriding processing of maintenance at 575 degrees C 
for 3.5 hours. 

[0022] The maximum serious grade until a crack occurs by the three-point bending test method 
estimated the bending property. The test piece performed gas-soft-nitriding processing of maintenance at 
575 degrees C for 3.5 hours, after manufacturing the cylindrical test piece with a diameter [ of 10mm ], 
and a die length of 150mm by machining from the steel materials by which hot forging was carried out. 
moreover, max until a bending test is a three-point bending method, and it gives a load to a supporting- 
point center section, using between the supporting points as 100mm and a crack occurs - a variation rate 
— the amount was measured with the dial gage. 

[0023] Nitriding nature uses the test piece for bend test with which the above-mentioned three-point 
bending test was presented, and is JIS. G The hardness measurement based on 0563 estimated. Here, the 
hardness distribution from a front face was measured about ten arbitration, and the stability of a nitrated 
case was evaluated by comparing the difference of the maximum of the hardening depth, and the 
minimum value. In addition, it was defined as the hardening depth said here as a distance from the front 
face where test piece core hardness +50HV is obtained. 

[0024] The cutting trial was carried out to evaluation of machinability using the hot-forging material 
with a diameter of 30mm forged above, and tool life time amount was measured, cutting conditions - a 
part for /, and cutting speed:200mm delivery: - 0.2 mm/rpm, it cuts deeply and is :2mm. A tool life is a 
cutting time until the amoxmt of groove wear is set to 0.2mm. 
[0025] 
[Table 1] 
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No. 


C 


S I 


Mn 


Cr 






I 


0.18 


0. 26 


1. 45 


0.40 












2 


0,33 


0. 22 


0.65 


0.09 














0. 35 


0,23 


0.49 


0.11 












4 


0.39 


0.31 


0.47 


0.07 










58 

m 


5 


0.25 


0. 04 


1.28 


0. 44 


Ma:0.n 


N1:0. 17 






6 • 


0.31 


0. 43 


0.21 


0.09 


V:0.08 


N:0. 018 


Pb:0.09 


S:0. 053 




7 


0. 32 


0.25 


0. 33 


0. 11 


Zr:0. 02 


N:0. OU 


Te:a02 






8 


0.29 


0. 25 


0.51 


0.10 


Tl:0.01 


Ta:0.03 








9 


0. 30 


0.25 


0. 48 


0. 08 


S:0. 028 


Pb:0. 09 


Ca:0.009 






10 


0. 46 


0.25 


0. 79 


O.Ol 












11 


0. 55 


0.29 


0.51 


p. 13 










jt 


12 


0.35 


a 27 


1.51 


0.55 










m 


13 


0. 35 


0. 27 


0.75 


1.12 










U 


0.12 


0. 25 


0. 55 


0.22 












15 


0.31 


0. 25 


0.51 


0.21 


Y:0. 40 


Tj:0.04 







[0026] 
[Table 2] 
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Ho. 


(HB) 






(^m) 


(mm) 


(MP a) 


ium) 




1 


16 9 


48 


7. 4 


23 


0. 02 


345 


5 9 8 




2 


1 7 2 


46 


7, 2 


2 1 


0. 02 


3 5 5 


588 




3 


1 7 d 


38 


6. 4 


27 


0. 04 


358 


456 




4 


182 


35 


6. 1 


2 4 


0. 0 3 


— 


456 


5 


1 83 


44 


7. 2 


19 


0. 0 1 


40 3 


5 7 7 


m 


6 


18 4 


4 2 


6. 9 


28 


0. 02 


3 8 8 


50 5 




7 


17 9 


4 1 


6. 6 


29 


0.0 3 


3 6 6 


4 9 8 




S 


17 9 


4 3 


7. 0 


2 2 


0. 02 


3 5 8 


5 1 5 




9 


1 7 7 


4 1 


7. 1 


3 8 


0. 04 


3 5 5 


533 




10 


1 8 9 


2 2 


4. 2 


7 8 


0, 1 1 


2 8 8 


203 




11 


2 3 8 


1 6 


3. 1 


14 5 


0. 1 4 


3 9 8 


1 0 1 




12 


1 9 4 


24 


4. 2 


77 


0. 08 


3 6 9 


188 




13 


1 8 8 


2 7 


4. 4 


69 


0. 1 1 


3 3 3 


194 


m 


U 


1 6 7 


69 


5, 5 


6 6 . 


0. 0 9 


1 8 8 


3 3 5 




15 


2 2 5 


38 


5. 4 


7 1 


0. 08 


404 


78 



[0027] 
[Table 3] 
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No. 


m ^ 












(HB) 


mm (%) 




<^^> 




1 


1 6 9 


48 


7. 4 


235 




t 


17 2 


46 


7. 2 


2 1 0 




3 


17 9 


38 


6. 4 


1 8 3 


ft 


4 


1 82 


35 


6. I 


15 5 


5 


18 3 


44 


7. 2 


1 7 8 


m 


6 


184 


42 


6. 9 


282 




7 


1 7 9 


4 1 


6. 6 


2 5 6 




8 


17 9 


43 


7, 0 


24 1 




9 


17 7 


4 1 


7. 1 


32 5 




10 


1 8 9 


22 


4. 2 


109 




11 


2 3 8 


1 6 


3. 1 


7 8 




12 


1 94 


24 


4. 2 


98 


^ - 


!3 


18 8 


2 7 


4. 4 


1 3 6 




M 


167 


6 9 


5. 5 


15 6 




"1 


22 5 


38 


6. 4 


7 6 



[0028] The result of the fatigue Umit after the hardness after hot forging, the rate of ferrite area, a ferrite 
grain size, an average pearlite dimension, nitriding nature, and carburization processing and a bending 
correction trial was shown in Table 2. Comparison steel No. 10 are JIS. It is S45C. As shown in Table 1, 
it compares with S45C and, as for the hardness of invention steel, the gap also shows the low value. The 
ferrite grain size number of invention steel is the fine grain of more than No. 5, and it is checked that the 
pearlite dimension is also fine and the rate of ferrite area is also 30% or more. On the other hand, when 
the range of this invention is passed and C, Mn, and Cr content are made to contain, while the rate of 
ferrite area falls sharply like the comparison steel No, and 11,12 and 13, it tums out that the ferrite grain 
size number became small and it has enlarged. 

[0029] When nitriding nature was seen, fluctuation of the hardening depth of invention steel is 0.04mm 
at the maximum, and it was checked that the hardening layer obtained after nitriding treatment is stable. 
On the other hand, with comparison steel, by the steel type with a big pearlite dimension with a small 
ferrite grain size number, fluctuation is looked at by the thickness of the hardening depth and, as for the 
big and rough thing of a ferrite grain, the difference in the hardening depth is increasing to 0. 14mm like 
comparison steel No.l 1. Thus, it is clear that the nitrated case stabilized by rationalizing the rate of 
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ferrite area, a ferrite grain size, and a pearlite dimension is obtained. 

[0030] When the bending property after nitriding treatment is seen, a ferrite grain size number and a 
pearlite average dimension, and very good correlation are accepted, max bends, and, as for the amount 
of displacement, it tums out that the smaller thing of the thing which has a large ferrite grain size 
number and which has a detailed ferrite grain size, i.e., a thing, and a pearlite average dimension is 
improving. 

[0031] Furthermore, also in the fatigue limit, it was checked that the high value is acquired compared 
with S45C, and an improvement of the fatigue property after nitriding treatment is possible for tiie 
fatigue limit of invention steel. 

[0032] The evaluation result of machinability was shown in Table 3. Although any ingredient compares 
a tool life in the condition of a hot-forging as, invention steel has many rates of ferrite area, and since it 
has softened, good machinability is obtained. Moreover, it was checked that the machinability of the 
invention steel which added adaptation elements, such as Pb and calcium, is improving fiirther. 
[0033] 

[Effect of the Invention] It was presupposed that it was possible to acquire the bending property which 
this invention has the machinability which was excellent, wdthout performing normalizing processing 
after hot forging in a components production process, stabilized the nitrated case at the time of nitriding 
treatment by considering the organization after forging as a detailed ferrite pearlite organization, and 
was excellent, and a fatigue property according to the above example. The effectiveness on 
improvement in productivity, energy saving, and industry of the normalizing processing abbreviation at 
the time of the components manufacture by this invention, and the outstanding bending property and the 
outstanding fatigue property is very remarkable. 



[Translation done.] 
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